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Summary MUC1 (CD227), an established tumor marker, is expressed on glandular epithelia and 
on epithelial tumors. Tumor MUC1 differs from normal MUC1 by modified glycan side chains. 
Recently, a novel carbohydrate-induced conformational tumor- associated MUC1 epitope (TA- 
MUC1) was described, whose clinical relevance in lung cancer is not known. Eighty -five paraffin 
embedded tissue sections of non-smatt ceil lung cancer (NSCLC) patients (73% male; mean age 
64 ±9 years) were stained with the monoclonal antibody PankoMab (against TA-MUC1) and com- 
pared with the established antibodies E29 and 214D4 regarding prognostic relevance, TA-MUC1 
is virtually absent in bronchial epithelium. As shown by multivariate analysis, only staining with 
PankoMab, but not with Q9 or 214D4, was correlated with patients' survival (p= 0,029). More- 
over, when regarding interactions of MUC1 antibody staining results and chmco-pathological 
parameters, patients with lymph node metastasis lacking PankoMab staining were attributed 
the highest risk by far (Hazard ratio=4.6, 95% CI: 2.1-9.7, p -0.000), In summary, the presence 
of TA-MUC1 is a favorable prognostic factor in this cohort of NSCLC patients, in particular if 
lymph node metastases are present. This is in contrast to the results for E29 and 214D4, which 
recognize less or not glycosylation dependent epitopes. As this ts the first report on a well- 
defined MUC1 epitope associated with improved survival in NSCLC, a more differentiated view 
on MUC1 may be mandatory. 
©2008 Elsevier Ireland Ltd. AU rights reserved. 
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1, Introduction 

Lung cancer has become the leading cause of cancer- related 
death in industrial countries [1]. In 2002, about 1 .18 million 
people died of lung cancer worldwide [2], With 1 .35 million 
cases newly diagnosed each year, lung cancer is also the most 
frequent newly diagnosed major cancer [2,3], In developed 
countries the 5-year survival rate averages around 10—15% 
and has not significantly improved in the last 30 years [4], It 
is also expected that lung cancer mortality rates are going to 
worsen in the years to come [5], This underlines the impor- 
tance of improving both diagnostics and therapy by getting 
a better understanding of lung cancer biology, 

MUC1 (CD227) is a transmembrane glycoprotein that is 
expressed on normal glandular epithelia and on epithelial 
tumors [6,7], It consists of a core protein with an intracellu- 
lar tail, a transmembrane region and a highly (^glycosylated 
extracellular region [8]. The extracellular domain exceeds 
other glycoproteins of the glycocalix in length [9] and 
consists of a variable number of tandem repeats includ- 
ing serines and threonines to which glycan side chains are 
attached [8,10]. The variable tandem repeat region (VNTR) 
includes 20-120 repeats of a 20 amino acid sequence [8], 
The sequence itself can also be subjected to a polymorphism 
[11]. Several alterations of MUC1 expression in malignancy 
are known. In general, MUC1 in tumors is (i) overexpressed 
[12,13], (if) no longer restricted to polar (apical) localiza- 
tion [7,9], and (iii) differs from normal MUC1 by aberrant 
glycosylation, i.e., truncated, shorter glycan side chains 
[10,14]. The altered MUC1 on tumor cells is supposed to 
have an anti-adhesive effect, mediated by a net negative 
charge of the plasma membrane provided by extra sialic 
acid residues[15] and steric hindrance [15,16], which inter- 
feres with E-cadherin [9], contributing to nodal and distant 
metastasis [17]. 

There are a targe variety of monoclonal antibodies 
{mAbs) against MUC1 available, which recognize different 
epitopes. Several of these mAbs are even regarded as Pan- 
MUC1 [18] antibodies, Varying antibody features (Pan-MUC1 
vs. differentiation-dependency, glycosylation dependent vs. 
independent), the plethora of studies using (Pan~)MUC1- 
anti bodies described the expression of MUC1 as a negative 
prognostic factor in malignancy (Table 1). With regard to 
non-small cell lung cancer (NSCLC), the presence of MUC1 
has been described as a poor prognostic marker for survival 
as well [19-21]. 

In a comparison of multiple antibodies towards the 
immunodominant sequence of MUC1 (including those from 
the ISOBM TD-4 International Workshop on Monoclonal Anti- 
bodies against MUC1 [22]) it was found that antibodies 
generated against tumor MUC1 (in contrast to antibodies 
generated against non-tumor MUC1) preferably recognize a 
conformational motif, generated by a specific glycosylation 
[18,23,24], which is considered to be a highly tumor- 
associated MUC1 (TA-MUC1) epitope [25,26]. Recently, an 
antibody named PankoMab has been developed to bind 
to this tumor- associated conformational epitope with high 
specificity [25]. 

In a clinical setting the antibody for TA-MUC1 (i.e., 
PankoMab) has not been tested yet. Here, we analyzed 
the specificity of PankoMab and the prognostic relevance 



of the tumor-associated PankoMab epitope TA-MUC1 regard- 
ing patients' overall survival. In addition, we compared our 
findings to immunohistochemistry results using common Pan- 
MUC1 antibodies [18] (clones 214D4 [9,19] and £29 [27], 
respectively). We describe, for the first time, that TA-MUC1 
(in contrast to the epitopes of E29 and 214D4 antibodies) is 
not ubiquitously expressed in NSCLC and that its presence 
is an independent prognostic factor for improved survival 
after surgical resection in NSCLC patients with lymph node 
metastasis. 

2. Methods 

2*1. Study population 

Out of patients admitted into the Pulmonary Division of 
Johannes Gutenberg University Medical Center (Mainz, Ger- 
many) we identified those who were newly diagnosed with 
NSCLC, underwent surgical resection and had a complete 
follow-up. Eighty-five NSCLC patients diagnosed between 
1 995 and 2003 with resection of the primary lung lesion were 
included. The study was performed compliant to the rules 
and regulations of the state ethics committee, all subjects 
gave written consent. Medical records were reviewed for 
clinical data including primary symptoms, laboratory param- 
eters (i.e., calcium, GOT, ALP, LDH, creatinine, established 
lung tumor markers (carcmoembryonic antigen, neuron- 
specific enolase and cytokeratin fragment 19), blood count, 
respiratory function, ECOG performance status, surgical and 
pathological classification, and follow-up data). Clinical TNM 
staging (including clinical examination, CT scans, sonogra- 
phy, endoscopy, MR1, bone scan) was performed according to 
fUCC/AJCC recommendations [28]. To determine a definite 
tumor stage [29], post-surgical pathological examination 
was included (Table 2). 

The study population included patients of IUCC stages 
[28] IA-II1B and various treatment plans supplementing lung 
surgery. In more detail, 59% of patients were defined as stage 
I, 31% as stage II, and 11% as stage HI (Table 2). Seventy- 
four patients (87%) underwent surgical treatment of the 
primary pulmonary lesion only. Six patients (7%) received 
radio-therapy after surgery, one patient (1%) received adju- 
vant chemotherapy. One patient (1%) received neoadjuvant 
chemotherapy; three patients (4%) received neoadjuvant 
combined radio-chemotherapy. All chemotherapies were 
platinum- based. In summary, lung surgery was augmented 
by multimodal therapy in 11 patients (13%) using radiation, 
chemotherapy, or both. 

According to the WHO classification of lung tumors [30], 
the primary pulmonary lesion was classified as squamous cell 
carcinoma (SCC) in 34 patients (40%), 39 patients (46%) had 
adenocarcinoma (including six bronchioloalveolar carcino- 
mas (BAC)), and five (6%) had adenosquamous carcinoma. 
Five patients had large cell carcinoma (6%). Two (2%) tumors 
were non-small cell lung cancer without further classifica- 
tion (Table 2), 

All patients had follow-up visits on a regular basis. Sys- 
tematic restaging was performed after 3, 6, 12, 18, 24, 36, 
48, etc. months or earlier if necessary. Restaging included 
clinical examination, chest X-ray, abdominal ultrasound scan 
and blood tests. CT scans were performed if progression 



TA-MUC1in NSCLC 



Table i Comparison of several MUC1 antibodies 
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Gh glycosylation independent (ratio 0.8-1,2), GD-2: moderately glycosylate dependent (ratio 1.3-5.9), GP-i: strongly glycosylation 
dependent (ratio > 6), GD-A: absolutely glycosylation dependent (ratio > 20). 

w Glycosylated with Thomsen-Friedenrefch antigen (TF) or precursor (Tn). 
, ^ Ammoacid sequence, 

b Glycosylation dependency (absorbance ratio glycosylated: unglycosylated) according to [23 25]. 

c Summary of study result, association of MUC1 expression. 



d i Considered as Pan-MUC1 antibody according to [18]. 
: -f Not available. 



was suspected. Survival time and progression-free survival 
time (PFS) were calculated from the date of histological 
diagnosis to death, progressive disease, or last contact, 
respectively. In the latter case, the survival time was 
regarded as censored. Sixty-two patients (73%) developed 
progressive disease. Among them, 16 patients (19%) were 
further treated with chemotherapy three (4%) were treated 
with radiochemotherapy, radiotherapy was applied in twelve 
cases (15%), four patients (5%) were surgical resected for a 
second time, and two patients (2%) received radiotherapy 
after surgery of the progressive lesion. Twenty -seven {42%) 
patients received best supportive care. 

2,2, Immunohistochemistry 

After surgery fresh tumor tissue specimens were immedi- 
ately formalin-fixed and afterwards embedded in buffered 
paraffin. After removal of paraffin, the slides were heated 
in pH 9 buffer (Target Retrieval Solution, Dako, Hamburg, 
Germany), All slides were stained simultaneously using a 
computer controlled autostainer (Dako TechMate 500) and 
the Dako EnVison -System [31], Unspecific tissue peroxi- 
dases were blocked by H 2 0 2 (POD-Block Dako EnVison) then 
the slides were incubated for 60min with the monoclonal 
primary MUC1 antibodies (PankoMab [25] dilution 1:10 (Gly- 
cotope, Berlin, Germany), E29 [27] 1:200 (Dako), 214D4 
[19] 1:100 (Upstate, Lake Placid, NY)). The low dilution of 
PankoMab was chosen to demonstrate minimal unspecific 
binding of this mAb in non-malignant tissue. A secondary 
anti-mouse-antibody linked to peroxidase by dextrin chains 
(Dako EnVison) was added. Sections were stained with DAB- 
substrate (Dako), counterstained by hematoxylin solution 
(Dako) and finally covered with Entellan (Merck, Darnv 
stadt, Germany). During the staining procedure with E29 two 
slides (2%) were damaged and could not be evaluated later. 
Regarding 214D4, five slides (6%) could not be evaluated. 



The slides were classified by three investigators (F.B,, K.S. 
and A.K.) according to Remrnele's tmmunoreactive Score 
(IRS) [32], For the evaluation of the IRS, only tumor cells 
were taken into account* Percentage of positive ceils (0%^0 
point, 1-10%- 1 point, 11-50% = 2 points, 51 -80% = 3 points, 
ai™100% = 4 points), and staining intensity (weak = 1, mod- 
erate -2, strong=3) were evaluated and multiplied. An IRS 
>3 was considered as positive (Fig. 1). 

2,3. Statistical analysis 

Standard descriptive statistics such as frequencies, mean, 
standard deviation, median and standard error were cal- 
culated to describe the study population. One of the 
principal aims of this study was to show the prognostic 
value of the carbohydrate- induced conformational tumor 
epitope (TA-MUC1) on patients' survival. Therefore, results 
of immunohistochemistry using PankoMab were compared 
to antibody staining using E29 and 214D4, In addition to 
the comparative analysis of the staining results, the clinico- 
pathological correlations and dependencies for antigenetic 
expressions regarding sex, age, performance status, pT, pN, 
stage, and histopathological criteria were assessed using 
Fisher's exact test. The prognostic analysis was carried 
out by several multivariate analyses using Cox propor- 
tional hazards regression. Features considered as potential 
explanatory factors (reference category underlined) were 
sex (male vs. female), age (as a continuous variable), per- 
formance status (ECOG 0 vs, ECOG 1 and 2), body-mass 
index (BMI, as a continuous variable), stage (1 vs. 2 vs. 
3), lymph node metastasis (NO vs. N1 and N2), histologi- 
cal tumor type (squamous cell carcinoma vs, other NSCLC, 
adenocarcinoma vs. other NSCLC, large celt carcinoma vs* 
other NSCLC), multimodal treatment (lung surgery only vs, 
adjuvant/neoadjuvant therapy), and antibody staining using 
PankoMab, E29 and 214D4 (negative vs. positive). 
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Fig. 1 Lung cancer immunohistochemistry. Staining frequencies with respect to the Immunoreactive Score (IRS) are shown for the 
monoclonal antibodies PankoMab (A and D), E29 {& and £), and 214D4 (C and F), Between the two main entities, adenocarcinoma 
(D-F) was positively stained (red columns) with PankoMab, E29, and 214D4 in a higher frequency {66%, 93%, and 100%) than squamous 
cell carcinoma {A-C: 36%, 60% and 95%). Staining frequency and intensity increased from PankoMab {A and D: longest epitope and 
highest glycosylate dependency) over E29 (B and E) to 214D4 (C and F: shortest epitope and no glycosylate dependency, compare 
Table 1 ). {For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.) 



To analyze the prognostic value of the potential explana- 
tory factors, a Cox proportional hazards model was applied 
using a forward stepwise selection {inclusion criteria: p- 
value of the Score test <0.05, exclusion criterion: value 
of the likelihood ratio test >0\1). Eight patients (9%) 
had at least one missing value; therefore they had to 
be omitted from this analysis. Similarly, a Cox regres- 
sion analysis with a stepwise backward selection (inclusion 
criteria: p-value of the Score test <0,05, exclusion cri- 
terion: p-value of the likelihood ratio test >0>1) was 
performed. To analyze more cases, further Cox regres- 
sion analysis with the factors selected by the first and 
second Cox regression model was performed using for- 
ward and backward selection models, Eighty-one patients 
(95%) were included in this analysis. Finally all factors 
were supplemented by reasonable interactions for a forward 
selection Cox regression model which was confirmed by a 
forward and backward selection model as already described. 
Interactions tested were (squamous cell carcinoma, ade- 
nocarcinoma, lymph node metastasis) x (PankoMab, E29, 
214D4). 

AU analysis were performed using SPSS® 13 and 14 soft- 
ware (SPSS GmbH, Munchen, Germany) and were regarded as 
explorative, therefore a global or local level of significance 
was not determined. 

3* Results 

3,1. Descriptive statistics 

Median survival time of the patients observed in this study 
was 1444 ± 204 days (min. 40, max. 3449 days, Table 2), and 
29 of 85 cases (34%) were censored with a median follow 
up time of 4.4 years. Median progression-free survival time 



was 925 db 1 27 days {min. 21 , max. 3449 days), 23 of 85 cases 
were censored {27%), 

3 + 2. immunohistochemistry in tung tumors 

To analyze staining results, an established scoring system, 
the Immunoreactive Score according to Remmele and Steg- 
ner [32], suitable for clinical routine, was used in our study. 
Positive staining with PankoMab was observed in malig- 
nancy in 52% of all cases (44/85 cases). PankoMab positive 
slides showed clear cytoplasmatic staining and /or mem- 
brane staining with an IRS value of at least 3 (Fig. 1A and 
0; Fig. 2A), A comparison of apical and depolarized MUC1 
staining pattern as described by Guddo et aL [19] was not 
applicable, since virtually none of the samples had an api- 
cal tumor staining only. As for E29, positive staining was 
observed in malignancy in 77% of all cases (65/83 cases, two 
were not evaluable). The majority of the E29 positive sam- 
ples (36/65 cases, 55%) showed a highly positive staining 
as indicated by an IRS >9 (Fig. 1B and E; Fig, 2B), As for 
214D4, positive staining was observed in almost all cases 
(95%, 76/80 cases, five were not evaluable), showing very 
high IRS values (Fig. 1C and F; Fig. 2C). 

Positive staining with E29 was highly associated with both 
PankoMab and 214D4 positive staining {Fisher's exact test 
p < 0.001 , p = 0.001 , respectively), however, PankoMab stain- 
ing was not associated with 214D4. 

Since the paraffin blocks were collected over a time 
period of more than 8 years, block age and staining results 
were compared using the Kruskal-WalUs H-test to detect 
a potential change in antigen expression over time. For 
PankoMab, E29 and 214D4 antibody staining, no significance 
concerning the age of the collected tumor samples could be 
shown <p = 0.88, 0.37, and 0,831, respectively), 
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Fig. 2 Staining characteristics of PankoMab, E29, and 214D4. Typical staining patterns are representatively shown in squamous 
cell carcinoma (A-C), Regarding tumor cells, all antibodies showed either cytoplasrnatic staining, or a combination of cytoplasmatic 
and membranous staining. IRS is 9 (A) and 12 (8 and C), The percentage of combined staining rose from PankoMab over £29 to 214D4 
(A-C), in this representative sample of an adenocarcinoma IRS of tumor ceUs {not mapped) is 12 for all antibodies. Images are 2Gx, 
inlays are 40x, bar * 100 ^m or 50 *xm, respectively, 



3.3. Immunohistochemistry regarding histological 
tumor types 

Different frequencies of PankoMab positive staining could 
be observed depending on histology. Between the two 



Table 2 ■' Baseline characteristics of the study population 



Parameter 


Patients evaluated {n - 85) 


% a 


Age.Kyears) 


64±9 b 




Sex v V: • : ; ', 


62 mates 


73 


Smoker or former smoker 


77 


94 


Performance status 








45 


56 


: ; : :-;:ECbG':t : > :: -- 


35 


43 


ECOG 2 •.,=•.-. 


1 


1 








T1. - .. 


30 


35 


Ail,.' -. 


47 


55 


■••.-T3- 


7 


8 


• • t4-V : ;.. 


1 


1 








NO 


55 


65 


: N1 


24 


28 


N2 


6 


7 


Stage 0 ' d 






' -i 


50 


59 


ii , 


26 


31 




9 


11 


Histological tumor type 






. Squamous cell carcinoma 


34 


40 


Adenocarcinoma and BAG 


39 


46 


Adenosqoamous carcinoma 


5 


6 


Large cell carcinoma 


5 


6 


Unspecified NSCLC 


2 


2 


Survival time (days) 


1444 * 204* 





. a : Percent of non-miss1ng values, 
> MeandbS.D. 

5 Based on pathological assessment, 

a Of note: four patients have pT3N0, one has pT4N0 disease, 
■« Median ±S,D. 



main entities, adenocarcinoma had a higher frequency for 
PankoMab positive, E29 positive, and 214D4 positive stain- 
ing (66%, 93%, and 100%; Fig. 1D-F) than squamous cell 
carcinoma (36%, 60% and 95%; Fig. 1A-C). Regarding each 
histological entity, median IRS scores rose from PankoMab 
over E29 to 214D4 antibody staining (median IRS values for 
squamous celt carcinoma and adenocarcinoma were 2, 4, 
and 9; and 5, 9, and 12, respectively Fig. 1A-F). 

3,4, Immunohistochemistry in non-malignant 
tissue 

Using three different antibodies against MUC1 , we observed 
distinct varieties in the reactivity with non- malignant tissue. 
Regarding bronchial epithelium and epithelial cells, we did 
not observe staining of apical cilia for PankoMab (Fig, 3A), 




Fig. 3 Immunohistochemistry of bronchial epithelium. Using 
three different antibodies against MUC1 (A-C), staining of 
bronchial epithelium and epithelial cells displayed distinct char- 
acteristics. Using PankoMab (A), absent to faint staining of 
apical cilia for PankoMab was observed, which was more intense 
for E 29 (B) and 214D4 (C), including epithelial cells, images are 
20x, bar = 100M,m. 






but for E 29 and 21404, including epithelial cells {Fig. 3B and 
C), In tumor stroma, we found no reactivity with PankoMab, 
and occasionally faint staining with E 29 and 214D4 (data not 
shown). All tested antibodies reacted to a certain extend 
with pneumocytes (data not shown). 

3.5. Associations of immunohistochemistry with 
clinicopathologicat parameters 

Using crosstabs (two-sided Fisher's exact test and Chl-square 
test), we found positive staining results of PankoMab and 
E29 to be associated with adenocarcinoma (p = 0,009 and 
0.001, respectively). PankoMab was associated with stage ill 
(p = 0.03) and N2-status (p = 0.006), but not with the inci- 
dence of lymph node metastasis (i.e., NO vs. N1-2). E29 
was not associated with stage, pN or the incidence of lymph 
node metastasis* 214D4 reactivity was not associated with 
any clinicopathological parameter. No other associations of 
immunohistochemistry with clinical parameters and histo- 
logical factors (i.e., sex, ECOG, pT, large cell carcinoma, 
progressive disease) could be observed for any of the three 
tested MUC1 -antibodies. Of note, all never-smokers (n-5) 
were PankoMab negative (p^ 0,055), 

3.6, Prognostic relevance of the 
carbohydrate-induced conformational epitope 
TA-MUC1 

Since one of the principal aims of this study was to show 
the prognostic value of the carbohydrate-induced confor- 
mational tumor epitope TA-MUC1 on patients* survival, we 
used a Cox proportional hazards model for comparison with 
established prognostic factors and common MUC1 antibodies 
E29 and 214D4, The starting model revealed age, BMI, ECOG, 
lymph node metastasis, and positive PankoMab staining 
(=TA-MUC1 expression) as explanatory prognostic factors, 
confirmed by backward regression model analysis (Table 3). 
In a second step, a Cox regression model with previously 
accepted factors was performed. Only lymph node metas- 
tasis and PankoMab immunohistochemistry results were 
accepted in both forward and backward likelihood ratio 
model (Table 3), in summary, positive PankoMab staining was 
a positive prognostic factor, whereas the presence of lymph 
node metastasis indicated poorer prognosis In this multivari- 
ate analysis. However, in univariate Kaplan-Meier estimates 
for overall survival, an association was only observed for 
lymph node metastasis (median survival time 1889 ±520 
days vs. 81 7 ± 244, log rank p = 0,031, Fig. 3B), but not for 
PankoMab staining (p = 0.158; Fig. 3A), 

To assess whether these two independent factors are still 
valid if interactions were considered, we included reason- 
able interactions of histological tumor type, nodal status, 
and antibody staining results (E29, 214D4, and PankoMab, 
respectively). Regarding all parameters and interactions, 
patients with lymph node metastasis lacking PankoMab 
staining were attributed the highest risk by far (Table 4), 
Kaplan— Meier estimates for overall survival highlight this 
finding, since this subgroup of patients had a reduced 
median survival time (681 ± 52 days, log rank p< 0.001, all 
comparisons) in contrast to patients with PankoMab posi- 
tive staining or without nodal disease (median survival times 



1599 ±355, 1610 ±21 3, and 2422 ±909 days) (Fig, 3C). 
Regarding progression-free survival, this association was less 
evident (p = 0,053, Fig. 3D). 

However, the according Cox proportional hazards model 
for progression -free survival showed that in addition to sex 
(p = 0.000) and BMI (p- 0.005), the interaction of PankoMab 
and lymph node metastasis (p = 0.007) was a strong predic- 
tor, but not PankoMab staining and lymph node metastasis 
alone (data not shown). 

To preclude a confounding effect of adenocarcinoma 
(preferentially stained by PankoMab) on the results of the 
survival analysis, survival times of patients with lymph node 
metastasis with and without adenocarcinoma were com- 
pared and no effect was found (Kaplan-Meier log rank 
p-0.81). 



4. Discussion 

The heterogeneity of non-small cell lung cancer, present- 
ing in various entities and with different clinical behavior 
is a major challenge both for clinicians and for researchers. 
The therapy is often based on clinical stage, tumor mor- 
phology and performance status alone. Determining an 
optimal individualized treatment plan, however, needs a 
better understanding of the biology of lung cancer and new 
prognostic markers. Here, we describe the prognostic rel- 
evance of the carbohydrate-induced conformational MUC1 
tumor epitope (TA-MUC1) recognized by PankoMab regard- 
ing patients' overall survival after surgical resection of the 
primary lung tumor. Moreover, we compared the PankoMab 
immunohistochemistry results with those obtained using 
common Pan-MUC1 antibodies (E29 and 214D4). By multi- 
variate analysis, we demonstrated that only PankoMab, but 
not E29 and 214Q4, define an epitope that is an independent 
prognostic factor favoring improved survival in resected 
NSCLC patients, especially in patients with nodal disease. 

PankoMab is a novel anti-MUC1 antibody designed to 
bind to the carbohydrate- induced conformational epitope 
of MUC1 with very high glycosylation dependency [25]. 
PankoMab binds to the immunodominant region within 
the tandem repeats only when the T of the PDTRP 
sequence is glycosylated by either the carbohydrates TF 
(Thomsen-Friedenreich antigen) or Tn (TF precursor) [33], 
two tumor-associated carbohydrate antigens which might 
add to the improved tumor-specificity of PankoMab [25]. 
Furthermore, PankoMab is rapidly internalized, has ADCC 
mediated activity and has already been successfully toxin- 
and radio -labelled for targeted therapy as shown by in vitro 
studies [25], 

Despite the fact that most normal epithelial cells express 
the MUC1 glycoprotein [10], the PankoMab epitope was 
detected only in 52% of all evaluable NSCLC patients (Fig. 1 ). 
PankoMab did virtually not stain on bronchial epithelium 
(Fig, 3A) compared to E29 (Fig. 3B) and 214D4 (Fig. 3C). Most 
adenocarcinomas (69%) were stained by PankoMab (Fig. 1D), 
while squamous cell carcinomas were stained with lower 
frequencies (36%, Fig. 1A), 

Our main finding is that the presence of TA-MUC1 is a 
favorable prognostic factor regarding all patients (Table 3). 
Moreover, when looking at PankoMab staining in NSCLC 
patients with lymph node metastasis, the association with 




TA-MUC1inNSCLC 



7 



Table 3 Overall survival; explanatory prognostic factors in a Cox proportional hazards model 
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95% CI e 
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P 




1 .05 


1.01—1.08 


0.008 


1.05 


1.01-1,08 


0.008: 




0 87 

VrVf 


0.79—0,95 


0.002 


0.87 


0.79-0.95 


0.002: 


iECOG* : ; 


2.63 


1.38-5,04 


0.003 


2,63 


1,38-5.04 


0.003 


Lymph node metastasis* 


4.12 


2.05-8,28 


0.000 


4.12 


2.05-8.28 


0.000 


. PankoMab* 


0,51 


0.28-0.94 


0,029 


0,51 


0.28-0.94 


0.029 


1 Final model 


FWD 






BWD 








HR 


95% CI 


P 


HR 


95% CI 


P 




. Not accepted 






1.04 . 


1.00-1.07 


0,027 


BMI " : 


Not accepted 






■ 0.90 


0.82-0.97 


0.008 


ecog 


Not accepted 






2.18: 


' • 1,18" 4 01 


0.012 


Lymph node metastasis 


2,24 


1,22-4,10 


0.010 


3.51 


1.79-6.86 


0,000 


PankoMab 


0.52 


0.29-0.94 


0.028 


0.48 


0.27-0.87 


0.014 


, a Other factors not accepted by Cox regression model: sex, squamous ceil carcinoma, adenocarcinoma, large cell carcinoma; stage;; 



neoadjuvant/ adjuvant treatment, E29 and 214D4 iromunohistochemistry results, 
b Forward likelihood ratio model. 
c Backward likelihood ratio model, 
d . Hazard ratio: HR <1 suggests improved survival . 
e Confidence interval. 

: f .;p- Value according to the likelihood ratio test, 
i s per anno. 
?TPer kg/m ? -. 
: i 1 COG = 0 vs. ECOG >0. 
.. _;i .NO vs. N1-2. : 

•:' k I mmu nohistoc h emist r y : PankoMab negative vs. PankoMab positive. 



improved survival is even stronger, as demonstrated by a 
Cox proportional hazards model {p = 0,000, Table 4) and 
Kaplan-Meier charts (Fig, 4C), 

In contrast, Guddo et al, [19] showed an association of 
MUC1 expression {detected by 214D4) with poor prognosis 
in NSCLC and hypothesized that this is due to an interaction 
with E-cadherin-moiecules. The antibody used by Guddo et 



al. is considered to be a Pan-MUC1 antibody, which binds 
largely independent of MUC1 glycosylation (Table 1), Nagai 
et al [20] found similar results using the differentiation 
dependent antibody DF3 [18], In both studies a depolar- 
ized expression of MUC1 on tumor cells was assessed. Loss of 
polarization reflects a dedifferentiation of the tumor [34], 
usually reported to be a negative prognostic factor [35], As 



Table 4 Overall survival: explanatory prognostic factors including reasonable interactions 



Final model* : including interactions 15 


FWD C 






BWD d 








HR e 


95% Cl f 


P* 


HR 


95% CI 




BMI h ■., 


Not accepted 






0,94 


q.87-1 :ot; 


0,078 


ECOG* .. 


1,91 


1.06-3.43 


0.030 


2,02 


1,12-3.65: 


: 0.019 


Lymph node metastasis without PankoMab^ 


4,70 


2,21-10.0 


0,000 


4,55 


2,14-9,69 


0.000 



a Other factors not accepted by Cox regression model: sex, squamous cell carcinoma (SCC), adenocarcinoma, large cettrarcihoma, 
stage- neoadjuvant /adjuvant treatment, E29 and 214D4 immunohistochemistry results. Interactions tested were: (squamous celt 
carcinoma, adenocarcinoma, lymph node metastasis) x (PankoMab, E29, 214D4). 

b Interactions not accepted by Cox regression model: lymph node metastasis with E29, lymph node metastasis with 21404, PankoMab 
with SCC, E29 with SCC, 214D4 with SCC, PankoMab with adenocarcinoma, E29 with adenocarcinoma, 21404 with -adenocarcindma, 

c Fdrwar.d likelihood ratio model. .! : 

d Backward likelihood ratio model. 

e Hazard ratio: HR <1 suggests improved survival. 

f Confidence interval, 

s p-Value according to the likelihood ratio test. 
^ l Per kg/ m 2 . 
1 ECOG-Ovs, ECOG >0. 
NO and/or PankoMab positive vs. N1-2 and PankoMab negative. 
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Fig. 4 Survival analysis. Kaplan-Meier estimates according to PankoMab immunohistochemistry (A) indicated a trend only, whereas 
nodal involvement was a better predictor of survival {8). However, in combination with nodal status, Kaplan-Meier estimates (C) 
highlighted that patients with lymph node metastasis lacking PankoMab staining were attributed the poorest survival {dark blue line). 
Of note, all patients in this group had N1 but not N2 disease. They had a more than twofold reduced median survival time (681 ±52 
days, log rank test p = 0.001) in contrast to patients with PankoMab positive staining or without nodal disease (1599±355d (light 
blue), 1 610 ± 21 3 d (red), 2422 ± 909 d (orange)) . Multivariate analysis (Tables 3 and 4) confirmed the results. Regarding progression- 
free survival, the prognostic impact of the interaction between PankoMab staining and nodal status was more evident in multivariate 
analysis (p = 0.007) than in univariate analysis (D). (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of the article.) 



Nagai et aL reported an association of MUC1 expression with 
poorly differentiated cancer, we consider their results on the 
impact of Pan-MUC1 on survival to be partially confounded 
by tumor differentiation. We cannot completely rule out the 
possibility that our results contrasting former studies are at 
least partially influenced by technical issues, i.e., different 
antigen retrieval and immunostaining methods. 

The majority of MUC1 antibodies used in studies on 
solid cancer were generated from non- tumor sources and 
are independent or moderately glycosytation-dependent 
[24,26], Several of these mAbs can be regarded as Pan- 
MUC1 antibodies (Table 1). Despite varying antibodies, the 
plethora of studies described the expression of MUC1 as 
a negative prognostic factor in malignancy (Table 1). Our 
results (Tables 3 and 4) using the Pan-MUC1 antibodies 21 4D4 
and E29 do not provide any data to object the multitude of 
previous papers reporting MUC1 as a negative prognostic fac- 
tor in (solid) cancer. However, using PankoMab, there seems 
to be at least one epitope on MUC1 which is not ubiquitously 



expressed in NSCLC and is an independent prognostic fac- 
tor for improved survival after surgical resection in NSCLC 
patients with lymph node metastasis . 

Because we found TA-MUC1 expression to be of most 
prognostic relevance in patients with lymph node metas- 
tasis, we assume an immunological role of TA-MUC1, being 
most obvious in advanced disease, when the immune system 
deals with tumor antigens in lymphatic organs, (n gen- 
eral, glycosylation of MUC1 is critical for T-cell response 
[36] and antigen processing [36,37]. In contrast to gly- 
cosylated MUC1 without expression of the carbohydrate 
induced conformational epitope, TA-MUC1 might even stim- 
ulate T-cell response (S. Goletz, personal communication). 
There is also some work on humoral response, regarding 
the favorable effect of natural circulating MUC1 antibod- 
ies [38,39]. Therefore, we believe that the results of our 
study might be attributed to a special imrnunogenicity 
of TA-MUC1, which should be the focus of future stud- 
ies. 
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5* Conclusion 

TA-MUC1 is a tumor-associated epitope on the otherwise 
ubiquitous epithelial molecule MUC1 and is recognized by 
Panko-Mab, In tumor, the TA-MUC1 epitope seems to be much 
less frequent than Pan-MUC1 epitopes. The presence of TA- 
MUC1 is a favorable prognostic factor in this cohort of NSCLC 
patients, in particular if lymph node metastasis are present. 
As this is the first report on a carbohydrate induced confor- 
mational MUC1 epitope associated with improved survival in 
NSCLC , a more differentiated view on MUC1 may be manda- 
tory. Underlying the impact of glycosylation on antigen 
processing by cells of the immune system, we hypothesize 
that there might be a special immunogenicity of TA-MUC1 , 
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